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Pigment granules within melanophores of various fish have been found to dis-

perse in a physiological saline solution and to concentrate in M/7.5 (isotonic) KC1
or adrenalin-physiological saline solutions. Such changes result from movement
of the intracellular pigment granules (Spaeth, 1913; Matthews. 1931). There
have been many reports by a considerable number of investigators on the intra-

cellular movement of these granules, but the exact nature of the mechanism involved

still lacks sufficient clarification (Ballowitz, 1914; Spaeth, 1913, 1916; Matthews,

1931; Biedermann, 1926; Marsland, 1944; Kamada and Kinosita, 1944; Kinosita,

1953, 1963; Bikle, Tilney and Porter, 1966; \Yikswo and Novales, 1969. 1972;

Ohta. 1971).

Lately, detailed electron microscopic studies on the fine structure of melanophores
have been reported which cite the presence of many microtubules. microfilaments,

endoplasmic reticulum and the like (Bikle, Tilney and Porter, 1966; Green, 1968).
Wikswo and Novales (1969, 1972) have investigated the relationships between

microtubules and movement of pigment granules, using colchicine for its so-called

effect on intracellular microtubules (Borisy and Taylor, 1967a, 1967b; Shelanski

and Taylor, 1967). The same authors indicate that colchicine inhibits concentra-

tion of the granules so as to foster their dispersion. Results of electron microscopy,

moreover, revealed that microtubules in melanophores decrease significantly with

colchicine treatment while microfilaments show relative increase. Malawista

(1971). Novales and Novales (1972), McGuire and Moellmann (1972), and

McGuire ct al. (1972). have investigated cytochalasin B, known for its action upon
microfilaments, for its effects upon the skin melanophore of the frog ; however,

there are no reports as yet on fish melanophore.
The present study aimed to investigate the relationships between various intra-

cellular structures of melanophores and the movement of pigment granules. To
achieve this, cytochalasin B was employed, and the effects on pigment granules
movement of fish melanophore were investigated.

MATERIAL AND METHODS

The materials were melanophores from the isolated scale of Oryzias latipcs (the

wild type) which inhabit waters in and around the cities of Okazaki and Seto in

Tapan. Employing a pincette with sharp tips, the scale was carefully removed from

the dorsoventral part of the fish and fixed, epidermis side down, to a glass coverslip

mounted on a glass trough. Following isolation in this manner, the scale was kept

immersed in a physiological saline solution, and after making certain that the gran-

ules had completely concentrated in an M 7.5 KC1 solution, the test scale was again
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put into the physiological saline solution for 10 min. Then, the melanophores were

subjected to cytochalasin B (I. C. I., England).
For the physiological saline solution, an M/7.5 balanced solution according to

Yamamoto (1939) was used. The cytochalasin B concentration was 1 ^g nil and
10 /xg/ml-0.1% DMSO(dimethylsulfoxide) -physiological saline solution (pH ad-

justed to 7.2 by NaHCOs). For the solution in which to concentrate the pigment
granules, an M/7.5 KC1 (pH 7.2 by KHCO3 ) and 10 6 M adrenalin-physiological
saline solution were employed. The experiments were run at room temperature,
between 20-23 C.

Melanophore variations were measured photoelectrically (Fujii, 1959). Light
was thrown on the photocell attached to one lens of the binocular microscope. Then,
the photoelectric current was recorded (San'ei sokki, type 8C12-1119 test recorder)
after amplification by an amplifier (San'ei sokki, type 1205C). Microscopic obser-

vations of melanophores were performed with another lens.

Denervated melanophores were obtained by the operation performed upon fish

scales as described in the previous paper ( Ohta. 1972). The scale was first

carefully isolated from the fish with a pincette under a stereoscopic microscope,

immediately returned to the original position, and the fish was kept for over 18 hr

at 28 C against a black container. Then the scale was removed once more and

put in an M/7.5 (isotonic) KC1 solution in which it exhibited no concentration

whatsoever.

RESULTS

Response of innervated melanophores to evtocJialasin B

The innervated melanophores were subjected to cytochalasin B action at 1 /xg/ml
and 10 /jig 'ml concentrations, continuously for (>() min. The melanophores thus

sustained a state of dispersion. With the above photoelectric method, a slight con-

centration response with recorded several minutes after drug action, but a constant

state held thereafter. This was opposed to control (physiological saline solution)

in which a constant state was maintained. I'nder microscopic observation, however,
no concentration of pigment granules toward the centrosphere was found to be in-

volved. Rather, there was movement out to the branch extremities so that pigment

granules in the centrosphere were markedly reduced in number (Figs. 2A, 2B). This

was the super-dispersion phenomenon, and with it was observed an extremely active

Brownian movement of pigment granules. Almost no effect on melanophores was
noticed from the 0.1% DMSOused to dissolve the cytochalasin B.

Next, after subjection to respective cytochalasin B concentrations for 30 and

60 min, concentration time of granules in M/7.5 (isotonic) KC1 and then dis-

persing time in physiological saline solutions were observed. The results are indi-

cated in Table I and II. At 30 min and the concentration induced by M/7.5
(isotonic) KC1 solution thereafter, less time was required for pigment granules to

attain full concentration as compared to control. However, this was entirely in

terms of cytochalasin B concentration. There was little or no difference from con-

trols after treatment with 0.1% DMSO. Five minutes following complete concen-

tration in M/7.5 (isotonic) KC1 solution and changing the external medium to a

physiological saline one, the time for pigment granules to begin and complete dis-

persion was observed to be much shorter than in control (Table I, II).
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TABU; 1

Response of innervated melanophores to M/7.5 (isotonic) KCl and physiological saline solution after

treatment with cytochalasin B for 30 minutes. Abbreviations used are; T-l: Length of time be-

tween exchange of external medium and start of pigment concentration (min); T-2:

Length of time between exchange of external medium and complete pigment
concentration (min); T-3: Length of time between exchange of exter-

nal medium and start of pigment dispersion (min); T-4: Length

of time between exchange of external medium and com-

plete pigment dispersion (min).



MOVEMENTOF MELANOPHOREGRANULES 261

00

c
o

0)

50

c
CD

L

Control

Cytochalasin B

10 20 30 40

Time in minutes

FIGTRE 1. An example of cytochalasin P. response <>f innervated melanophores concentrated
with M/7.S (isotonic) KG solution. Hori/ontal indicates time after the solution was applied
(arrow), room temperature, 21 C.

centrate and disperse was measured. Table III and IV provide the results. In the

case of denervated melanophores exposed to adrenalin, the time until pigment

granules began to concentrate and then reach complete concentration was extremely
fast: at 30-inin exposure, 0.1 min for the former, ()/> min for the latter as against

0.6 and 2.3 min respectively with controls. A^ain. with dispersion, against the 17.4

min it took controls to attain 50' ; dispersion level, drug-treated pigment granules
took 8.3 min, only half the time.

There was no special difference of time in concentration between 60-min or

30-min treatment, but in dispersion of pigment granules the dispersal process for

60 min was much faster than for 30-min exposttre (Table III, IV).

TABU III

Response of deiierral/'d melanophores to l/r r
'.\f (id renal in and physiological saline solution after

treatment with cytochalasin B for 30 minutes; abbreviations as in Table I except T-4: length of
time between exchange of external medium and 50% pigment dispersion (min)
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TABI.K IV

Response oj denervated melanophores //> li>~ f> M adrenalin and physiological saline solution after

treatment with Cytochalasin B for nil minutes; abbreviations as in Table I except T-4: length of

time between exchange of external medium and 50% pigment dispersion (in in)
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DISCUSSION

In l
(

->()7. Carter reported the interesting finding that, when cytochalasin B de-

rived from mould metabolite separation acted upon fibroblasts, nuclear division

remained normal but cell division was blocked. Subsequently, Schroeder (1969)
found that, from an electron microscopic picture of the Arbacia egg' treated with

cytochalasin B, the contractile filaments which develop in the region of the cleavage
furrow are notably absent, but no changes in the spindle-shaped microtubules appear.

Follow-up studies have since been conducted not only on them but with Hela cells

(Schroeder, 1970), lymphocytes (Ridler and Smith. l
c >hS) and the like ( Wessells

ct a!., 1971), and these have supported Carter's observations. Cytochalasin B is

claimed to inhibit dispersion of pigment granules in frog skin melanophore

(Malawista, 1971; Xovales and Xovales. 1972; McGuire and Moellmann. 1972;

McGuire ct <//., 1972 ). According to McGuire and Moellmann ( 1972 ) and McGuire
ct a 1. ( 1972), cytochalasin B even causes concentration of pigment granules though
a dispersing agent is present, but does this while markedly reducing the number of

microfilaments. Magun (1973). however, failed to find results as striking, so

there would seem to be some disagreement about the validity of this particular effect

of cytochalasin B.

On the other hand, electron microscopic observations have shown the presence
of microtubules, microfilaments and endoplasmic reticulum in melanophores of fish

( Bikle. ct ( //.. 1966; Green 1968). Wikswo and Xovales (1969, 1972), using

colchicine, have researched its effect on melanophores of Fiindnlits. According to

their physiological results, colchicine treatment of this type of melanophore leads to

inhibition of pigment granule concentration and, conversely, promotion of dispersion.
I 'pon electron microscopic observation, the microtubules within the melanophores
were recognized to decrease and the microfilaments to increase. From these re-

sults, the same authors .suggested that decrease of the microtubules may be related

to inhibition of pigment grannie concentration and the increase of the microfilaments

to promotion of pigment granule dispersion.

Results of the present experiments indicate that treatment of melanophores
with cvtochalasin B. which has the earlier-mentioned effects, has a definite accelera-

tive effect on movement concentration and dispersion of pigment granules, and

that this effect is dependent upon time and drug concentration. This present ob-

servation, namelv that cytochalasin B enhances the rate of response to adrenalin,

is similar to that pointed out by McGuire and Moellmann (1
( >72) and McGuire

ct al. ( N72). Nevertheless, with melanophores in which pigment granules are in

a state of dispersion, the use of cytochalasin B obtains no concentration at all. As
evident from Figures 2A and 2B, the pigment granules are almost inexistent in the

centrosphere, having dispersed to the branches. Lyerla and Xovales (1972). in

their observations and report on frog skin melanophore, have noted a similar effect

of cytochalasin B as peculiar to the melanophore form. But with cytochalasin B,

on the other hand, granules completely concentrated in M 7.5 ( isotonic ) KC1
solution evidenced a somewhat scattered effect : after 30 or 40 min, dispersion
levels greatly exceeded controls, but full dispersion was not attained.

Taken from the standpoint of cytochalasin B action, it is difficult to ascribe'

any direct kinetic capacity to the microfilaments when concentration or dispersion
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FIGURE 2. Photos of innervated melanophores treated \\itli cytochalasin B
; A, Control

(in physiological saline solution; B, Innervated melanophore treated with 10 /"g/ml cytochalasin

B-physiol for 30 minutes; C, Control (in M/7.5 KC1 solution); D, Innervated melanophore
treated with 10 Mg/ml cytochalasin B-M/7.5 KG for 40 minutes; E, Control (dispersed con-

dition of innervated melanophore in photo C by physiological saline solution); F, Dispersed

condition of innervated melanophore in photo D by physiological saline solution; X 600. Sym-
bols used are: M, Melanophore; G, Guanophore; C, Centrosphere.
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movements take place with the granules inside melanophores. Instead, these pig-
ment granules would appear to be inhibited in the course of normal movement by
microfilaments. Further morphological observations by electron microscope are

ncessary, particularly upon microfilaments in the melanophore before and after

use of cytochalasin K. Moreover, more detailed research from various aspects is

required on the relations between pigment granule movement and elments of intra-

cellular structure.

SUMMARY

1. Employing melanophores from an isolated medaka (Oryzias latipcs) scale,

this study sought to clarify the mechanism of pigment granule movement by investi-

gating cytochalasin B action.

2. Observations were made upon 1
//.g,,

ml and 10 /j.g ml cytochalasin B inner-

vated melanophores at 30 and 60 min, respectively, and followed by application of

M/7.5 (isotonic) KC1. then physiological saline solution.

3. Results showed a marked acceleration of concentration and dispersion in pig-
ment granules through cytochalasin H compared to control, and this effect was de-

pendent upon time and drug concentration.

4. Approximately the same results obtained with denervated melanophores when
adrenalin was employed instead of M 7.5 ( isotonic ) KC1 solution to concentrate

pigment granules. The 0. 1
'

'< DMSO(dimethysulf oxide) used to dissolve the

cytochalasin B was not found to aflect movement of pigment granules.
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